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COMPLETE SPECIFICATION 
iProaiuction of Xylylene Diamines 

We, BADISCHE ANILIN-& Soda-Fabrik ing acids, for example sulphuric or phos- 

AicriENGESELLSCHAFTj a Joint Stock Com- phoric acid, with intramolecular dehydra- 

pany orgfianised under the laws of Germany, tion and subsequent condensation, 
of Ludwigshafen on Rhine, Germany, do The cobalt-containing catalysts which also 

5 hereby declare the invention, for which we contain chromium, manganese and a small 

pray that a patent may be granted to us, and amount of a pyro- poly-acid, preferably con- 

the method by which it is to be performed tain 5 to 30%, especially 10 to 20% of 

to be particularly described in and by the cobalt and less than 6% of chromium and/or 

following statement: — manganese, preferably 0.03 to 5% of 

10 This invention relates to a process for the chromium and/or 0.1 to 2% of manganese, 

production of xylylene diamines by hydrogena- The content of pyro- or poly-acid is 0.05 to 

tion of phthalonitriles, and especially by cata- 5%, advantageously 0.3 to 1.5% by weight 

lytic hydrogenation in the presence of cobalt of acid with respect to the weight of the 

catalysts containing chromium and/or catalyst. The acids which are used in accord- 

15 manganese. ance with this invention for the preparation 

It is already known to prepare the corres- of the catalysts are all those acids which 

ponding diamines by catalytic hydrogenation on heating are converted into their pyro or 

of aliphatic dinitriles. Thus for example hexa- poly form, i.e. into the corresponding pyro- 

methylene diamine is obtained from adipodi- or poly-acids, namely phosphoric acid, sul- 

20 nitrile by using cobalt catalysts which have phuric acid or boric acid. These acids are 

been activated with manganese or chromium, especially suitable since they pass into the 

These known catalysts contain additions of pyro- or poly-acids when heated to high tem- 

about 0.5 to 10% of chromium oxide or peratures, for example 350° to 700° C. The 

manganese oxide. It has been found, however, acids are added to the catalysts, which if 

25 that these catalysts lose their activity rela- desired may be applied to carriers, preferably 

tively quickly and must frequently be regener- inert or neutral carriers, prior to the heating, 

ated. A further disadvantage of these catalysts which may be effected for example in a muffle 

is that they require a relatively high hydrogen- furnace. The catalysts may be applied for 

ation temperature. example by treating the carrier substance with 

30 We have now found that phthalonitriles can an aqueous solution of a metal salt to which 

be hydrogenated in a simple way to the cor- there is preferably added the acid in question, 

responding xylylene diamines by treating for example phosphoric acid. For the prepara- 

them in dissolved form with hydrogen under tion of the catalysts in this way, it is prefer- 

increased pressure in the presence of cobalt able to use the water-soluble salts of the 

35 catalysts which contain, in addition to metals, for example the nitrates or sulphates, 

chromium and/or manganese, from 0.05 to because these salts have the property of being 

5% by weight, with reference to the total converted into the oxides when heated in a 

weight of the catalyst, of an inorganic pyro- muffle furnace. The best results are achieved 

or poly-acid. Of the compounds referred to by the use of aqueous solutions of nitrates. 

40 as pyro- or poly-acids those which may be It is also possible" however to deposit the car- 
used in accordance with this invention include bonates or hydroxides of the metals on the 
those comoonnd^which are obtained by heat- carrier by precipitation from their solutions. 
[Price 




2 



852,972 



The carrier impregnated with the catalyst 
solution after drying can then be heated in 
a muffle furnace, for example at 350° to 700° 
C. Phosphoric acid is particularly suitable. 
5 When using phosphoric acid it is advantageous 
to heat at 500° to 650° C. 

However, the metals applied to the carriers 
by the metal salt solution may also be heated, 
after having been heated to 650° G, for a 

10 long time at elevated temperature, for 
example at 400° C. to 700° C. in a muffle 
furnace, cooled and only then the acids added, 
preferably in aqueous solution by treatment 
of the catalyst with the solution. The catalyst 

15 thus treated is then dried and the applied acids 
converted by a subsequent heat treatment at 
lower temperatures into the corresponding 
pyro- or polyacids. In this case a heat treat- 
ment at for example 200° to 250° C. is suffi- 

20 cient to impart to the catalyst the desired 
properties as regards strength and specific 
activity. By the heat treatment, the acids are 
converted into their pyro or poly form and 
thereby effect the binding of the active com- 

25 ponents to the carrier material, and structural 
change which are important for stability and 
activity. Fuller's earth, silica strings, silica 
gel, aluminium oxide and silicates, for example 
magnesium silicate, may be used as carriers 

30 for the catalysts. 

The catalysts may however also be used 
without carriers. In this case the components 
of the catalysts are mixed in the above-men- 
tioned proportions, the amounts being with 

35 reference to the pure metals, 0.05 to 5% 
advantageously 0.3 to 1.5%, of suitable acid 
being then added and the whole treated in a 
corresponding way at high temperature. 
The catalysts may also take up an excess of 

40 free acid beyond the defined amount which 
they contain in the form of the pyro- or poly- 
acids. 

The advantage of the use of these catalysts 
in the production of xylylene diamines by 

45 hydrogenation of phthalonitriles is not only to 
be seen in the increased life of these catalysts, 
but above all in the high activity which per- 
mits the carrying out of the hydrogenation 
■ at very low temperatures. Unlike the hydro- 

50 genation catalysts hitherto known, the cata- 
lysts do not promote the side reactions fre- 
quently occurring in the hydrogenation of 
phthalonitriles and in which above all higher 
amines or methylbenzylamines are formed by 

55 the splitting off of ammonia. By the lower 
hydrogenation temperature when using cata- 
lysts containing poly- or pyro-acids, the speed 
of hydrogenation is increased to such an extent 
that the splitting off of ammonia in the inter- 

60 mediate stage of the hydrogenation can no 
longer take place. On the contrary, in the 
methods hitherto known there were obtained 
up to 20% or more of such undesirable by- 
products by the splitting off of ammonia. 

65 In the process according to this invention 



it is preferable to work at moderately elevated 
temperatures, in general at 40° to 120° C. It 
is advantageous to work at 50° to 85° C. 
and at increased pressure. Since the hydro- 
genation speed increases markedly by increas- 70 
ing the hydrogen pressure, it is advantageous 
to use pressures of 100 to 500 atmospheres. 
It is preferable to work at 300 atmospheres. 

The reaction is carried out in the presence 
of solvents. As solvents, those are suitable 75 
which have a high dissolving power for the 
initial materials at low temperatures especially 
ammonia or the corresponding xylene diamine 
itself. It is especially favourable to use a 
mixture of xylylene diamine with liquid 80 
ammonia. The ratio of xylylene diamine to 
ammonia may be varied within wide limits. 
The solvent mixture may for example contain 
10 to 80%, especially 55%, of ammonia. It 
is advantageous to use for the dissolution of 85 
the initial materials, a part of the discharge 
from the hydrogenation which ordinarily con- 
sists of 55% by weight of ammonia and 
45% by weight of xylylene diamine. In such 
a mixture, the solubility of the dinitriles is 90 
extremely great even at 50° C. A mixture of 
xylylene diamine and ammonia, or xylylene 
diamine itself, may however also be diluted 
by ordinary solvents, such as hydrocarbons, 
for example benzene. When carrying out the 95 
process in continuous operation, a part of the 
xylylene diamine formed, if desired togther 
with recovered ammonia and/or fresh 
ammonia, is advantageously returned and used 
for dissolution of the initial materials. The 100 
use of xylylene diamine, if desired in admix- 
ture with ammonia, is preferable because no 
substances extraneous to the process pass into 
the reaction product. Furthermore the use of 
this solvent has an inhibiting effect on the 105 
splitting-off of ammonia occurring as a side 
reaction. 

When returning a part of the xylylene 
diamine formed, it is advantageous to branch 
off 50 to 90%, especially 65 to 80%, of the 110 
xylylene diamine from the reaction product 
and use it for dissolving the initial materials. 
The reaction product, which is for example 
under a pressure of 300 atmospheres, is partly 
decompressed to a lower pressure, for example 115 
to 20 atmospheres. Of this partly decom- 
pressed reaction mixture, a part is branched 
off for the recovery of pure xylylene diamine 
and the remainder used for the dissolution 
of the phthalonitrile in a suitable vessel. The 120 
dissolution of the initial material may take 
place either at atmospheric pressure and nor- 
mal reaction temperature or also at a tem- 
perature higher than the reaction tempera- 
ture and increased pressure so that higher 125 
concentrations are achieved. The more highly 
concentrated solution can then be diluted by 
simply bringing it together with a part of 
the hydrogenation mixture under high pres- 
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The phthalonitrile may however also be 
made into a paste with pure xylylene diamine 
or with a mixture of xylylene diamine and 
ammonia and this subsequently diluted with 

5 and dissolved in a part of the hydrogenation 
mixture which is under high pressure. The 
subsequent dilution with a part of the hydro- 
genation mixture under high pressure is 
advantageous from the point of view of heat 

10 economy because the ammonia remains in the 
liquid state. In a continuous process, only as 
much fresh phthalonitrile is supplied to the 
reaction vessel as xylylene diamine is branched 
olf to be recovered pure. 

15 Xylylene diamines of very high purity are 
obtained which in particular do not contain 
any contamination by nuclear-hydrogenated 
products and therefore are extremely well 
suited as intermediate products for the 

20 plastics industry. 

The following examples will further illus- 
trate this invention but the invention is not 
restricted to these examples. 

Example 1. 

25 256 grams of para-phthalonitrile, 200 grams 
of liquid ammonia and 30 grams of a catalyst 
which contains 18% of cobalt, 0.5% of 
chromium and 2% of phosphoric acid as poly- 
phosphoric acid and is deposited on silica 

30 strings, are heated to 60° C. in an 8 litre 
stirring autoclave at 300 atmospheres hydro- 
gen pressure. After the absorption of hydro- 
gen has ended, the catalyst is filtered off and 
the reaction mixture distilled under reduced 

35 pressure. At the boiling point 149° C. at 15 
mm Hg, 252 grams of pure para-xylylene 
diamine are obtained as a water-clear liquid of 
the freezing point 65° C. and the theoretical 
amine number of 825. The yield is 92.5% of 

40 the theory. 

Example 2. 
128 grams of meta-phthalonitrile, 900 grams 
of meta-xylylene diamine, 100 grams of 
liquid ammonia and 25 grams of a catalyst 

45 which contains 18% of cobalt, 0.7% of man- 
ganese and 1.5% of phosphoric acid in the 
• form of polyphosphoric acid and has been 
applied to silica strings, are heated in an 8 
litre stirring autoclave at 300 atmospheres 

50 hydrogen pressure at 75° C. while continu- 
ally forcing in hydrogen. After the absorption 
of hydrogen has ended, the reaction vessel is 
decompressed, the reaction mixture filtered 
off from the catalyst and distilled under 

55 reduced pressure. At the boiling point 145° 
C. at 15 mm Hg, there are obtained 127 
grams of pure meta-xylylene diamine as a 
water-clear liquid with a freezing point of 
14.5° C. The yield is 93.5% of the theory. 

60 Example 3. 

128 grams of meta-phthalonitrile, 225 
grams of a mixture consisting of 50% by 
weight of meta-xylene diamine and 50% by 



weight of liquid ammonia, and 50 grams of 
a catalyst containing 18% of cobalt, 1.0% 65 
of manganese and 1% of polyphosphoric acid 
on aluminium oxide, are heated at 70° C. in 
an 8 litre stirring autoclave at 300 atmos- 
pheres hydrogen pressure for 6 hours while 
continually forcing in hydrogen. After the 70 
absorption of hydrogen has ended, the catalyst 
is filtered off and the reaction mixture dis- 
tilled under reduced pressure. At the boiling 
point 145° C. at 15 mm Hg, there are 
obtained 128 grams of pure meta-xylylene 75 
diamine which has a freezing point of 14.5° 
C. and an amine number of 825. The yield is 
94% of the theory. 

Example 4. 
60 litres of a catalyst which has been 80 
applied to silica strings and which contains 
18% of cobalt, 0.7% of manganese and 1% 
of polyphosphoric acid are charged into a high 
pressure tube having an internal diameter of 
120 mm and a length of 6000 mm. In a 85 
suitable container, 7 kilograms of meta- 
phthalonitrile are dissolved per hour in 7 
kilograms of a mixture of 40% of 
liquid ammonia and 60% of meta- 
xylylene diamine at about 60° C. 90 
under pressure. The solution is led in the 
course of an hour into the high pressure tube 
by means of a pump. In the same pipe there 
are conveyed per hour 2.1 kilograms of liquid 
ammonia and 32 kilograms of a hydrogenation 95 
mixture consisting of 55% of ammonia and 
45% of meta-xylylene diamine. The mixture 
is first preheated to 50° C. and then led into 
the catalyst zone. At the same time, for with- 
drawal of the heat of reaction, hydrogen 100 
under a pressure of 300 atmospheres is led 
in cocurrent with the liquid mixture in cir- 
culation through the catalyst zone. The reac- 
tion is immediately initiated. The hydrogena- 
tion mixture, of which 16.5 kilograms per 105 
hour are branched off for working up, is 
almost water-clear. After evaporation of the 
ammonia, there are obtained per hour by dis- 
tillation under reduced pressure, 6.9 kilo- 
grams of pure xylylene diamine at the boiling 110 
point 145° C. at 15 mm Hg; it has a freez- 
ing point of 14.5° C. The yield of pure 
xylylene diamine is 93% of the theory. 

WHAT WE CLAIM IS: — 

1. A process for the production of a xylylene 115 
diamine _ by catalytic hydrogenation of a 
phthalonitrile under increased pressure, where- 
in the phthalonitrile is treated in dissolved 
from with hydrogen 'in the presence of a 
cobalt-catalyst which contains, in addition to 120 
chromium and/or manganese, from 0.05 to 
5%, with reference to the total weight of the 
catalyst, of a pyro or poly form of phos- 
phoric, sulphuric or boric acid. 

2. A process as claimed in Claim 1 wherein 125 
the solvent for the phthalonitrile is a mixture 
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of ammonia with the xylylene diamine formed 
by the hydrogenation. 

3. A process as claimed in Claim 1 or 2 
wherein the supported catalyst contains 10 to 

5 20% by weight of cobalt, 0.03 to 5% by 
weight of chromium and/or 0.1 to 2% by 
weight of manganese, and 0.3 to 1.5% by 
weight of the pyro- or poly-acid with reference 
to the total weight of the catalyst. 

10 4. A process as claimed in any of Claims 
1 to 3 wherein the catalyst contains a poly- 
phosphoric acid. 

5. A process as claimed in any of Claims 
1 to 4 carried out at a temperature between 

15 50° and 85° C. 



6. A process as claimed in any of Claims 
1 to 5 carried out under a hydrogen pressure 
of 100 to 500 atmospheres. 

7. The process for the production of 
xylylene diamines substantially as described 20 
in any of the foregoing examples. 

8. Xylylene diamines when obtained by 
the process claimed in any of Claims 1 to 7. 



J. Y. & G. W. JOHNSON, 
47, Lincoln's Inn Fields, 

London, W.C.2, 
Chartered Patent Agents. 
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